Maternal nutrition and the sex of a fetus appear to have important influences on fetal lung maturation and on the neonatal development of hyaline membrane disease. Amniotic fluid lecithin to sphingomyelin ratios and shake test values were greater in undernourished than in overnourished pregnancies after midgestation. There was a similar relation between levels of maternal nutrition and structural variables of fetal lung maturity. Using the same variables, the lungs of female fetuses matured somewhat more rapidly than the lungs of males. Hyaline membrane disease was almost twice as common in infants who died after overnourished gestations as in those who had undernourished mothers.
Introduction
It has long been known that hyaline membrane disease is more common in male than in female neonates 1141. By contrast, maternal nutrition has not been considered an important factor in the genesis of the disorder. The present study has found that both maternal nutrition and the sex of a fetus affect the pace at which fetal lungs mature.
Patients
Material was reviewed from 1,044 consecutive autopsies on well preserved stillborn and newborn infants examined at Babies Hospital, New York City, between 1960 and 1968. Cases were first excluded which had any non-nutritional fetal or maternal disorder known to influence pregnancy weight gain, fetal or placental growth, amniotic Auid volume, or extracellular fluid volume of the mother, i.e., major fetal congenital anomalies, chromosomal disorders, chronic congenital infections of any type, major placental lesions, multiple births, infants of diabetic mothers or narcotic addicts, gestations with hydramnios, oligohydramnios, Rh disease, maternal hypertension, or other evidences of toxemia of pregnancy.
Of the remaining cases, the proportions with hyaline membrane disease and cerebral intraventricular hemorrhage were calculated for subgroups of 241 liveborn infants who were less than 36 weeks of gestational age and lived longer than 6 hr but less than 72 hr, 6 hr being chosen because the anatomic features of hyaline membrane disease are usually well developed by this time. Of the other remaining cases, 323 were stillborn or lived less than 1 hr and hence were suitable for a histologic analysis of their lung maturity. Histologic variables of lung maturity change very rapidly after Nutrition, sex, and fetal lung maturation 20 1 birth, so that older infants are not suitable for the type of analysis used in the current study.
Two-thirds of the mothers received general dietary advice to avoid sweets, salty foods, and food between meals. T h e remaining mothers were referred to a dietician and placed on specific 1,200 and 1,500 calorie diets for the final months of pregnancy [13] . These low calorie diets had adequate protein, vitamins, and minerals [13] . T h e diets were usually prescribed to slow excessive weight gain. They often achieved their goals because the total weight gain for such pregnancies often proved to be less than 20 pounds.
Also included in the study were amniotic fluid analyses from 180 apparently normal pregnancies at the Los Angeles County, University of Southern California Medical Center and 40 normal pregnancies at Sloan Hospital for Women, New York City. Most of these amniotic fluid examinations were undertaken to help determine the best time for repeat caesarean section.
Methods
An effort was made to analyze the role of maternal gestational nutrition on fetal lung maturation and on the subsequent development of hyaline membrane disease. A recent study from our laboratory found that maternal nutrition as reflected by pregravid body weight, diet, and weight gain during pregnancy, had an important influence on fetal body and organ growth [13] . By contrast, height, race, economic status, age, work, marital status, and interval since last pregnancy had no influence on fetal growth independent of maternal nutrition [13] .
I n the current study, mother's weight for height was used as a measure of immediate prepregnancy nutritional status. Individual mothers were classified as overweight or underweight at the start of pregnancy by being above or below standard weight for height in tables published by the World Health Organization [8] . Nutritional status during pregnancy was assessed by analyzing maternal weight gain. Several studies have shown a relation between caloric intake in pregnancy and maternal weight gain [I] . Inasmuch as a 2 4 2 7 pound weight gain correlates with optimal outcome for a full term gestation, average weight gains in full term cases were classified as high or low on the basis of being greater or less than 27 pounds (310 g/week) [7, 151. Based on a 27-pound weight gain at term, Hytten and Leitch [7] found the optimal gain to be 8.5 pounds at 20 weeks (185 glweek) and 19 pounds at 30 weeks (283 glweek). Using these and intermediate values, we classified maternal weight gains as high or low for all cases. T h e weight gain actually used for individual gram per week calculations was the one recorded at the last clinic visit before delivery so that any acute events related to labor would not influence the weight gain classification.
Mothers were placed in nutritional category I if they were overweight at the start of pregnancy and had gained more than the Hytten and Leitch optimal weight for their gestational period [7, 131. Nutritional category 2 included those underweight before pregnancy who had more than an optimal weight gain. Category 3 consisted of overweight mothers with a suboptimal weight gain, and category 4 contained underweight mothers who had a suboptimal weight gain.
Platt's histologic classifications were used to grade the structural maturity of the lungs of neonates (Table I ) [16] . These examinations and classifications were made by a single person without knowledge of a mother's nutritional status or an infant's sex. Both the shake test and the lecithin to sphingomyelin (L/S) concentration ratio in amniotic fluid have proved to be accurate methods of assessing fetal lung maturity before birth [2, 51. Such L/S data were available for 180 apparently normal pregnancies at the Los Angeles County Medical Center and for 40 normal pregnancies at Sloan Hospital. Mean L/S ratios were virtually identical for cases of the same gestational age and nutritional category at the two institutions, therefore their L/S data were pooled in the final analyses. Shake test data were available for the Los Angeles but not the New York City if the entire interface had bubbles.
Hyaline membrane disease was diagnosed when lungs were solid and airless and had eosinophilic membranes with widespread microscopic atelectasis alternating with isolated overdistended alveoli and alveolar ducts. Piagnostic criteria for other disorders have been ,previously published [14] .
Results
At each gestational age, offspring of the most poorly nourished mothers had structurally more mature lungs than did neonates of better nourished mothers (Table  11) . Results were similar for amniotic fluid L/S'ratios and shake tests (Table 111) . T h e sex of the fetus had a smaller but significant influence on lung maturation. This was most evident in the analysis of structural variables; the lungs of females were more mature than the lungs of males at each gestational age (Fig. 1) mothers (nutritional category I ) , the proportion who had hyaline membrane disease was almost double that of offspring from undernourished mothers (nutritional category 4) (Table IV) . In each nutritional category, the proportion who had hyaline membrane disease was lower in offspring of mothers who had been on low calorie diets before delivery (Table IV) . This was not true of several other disease processes (Table IV) . T h e mean gestational age was virtually identical for infants in the various nutritional subgroups of this table. Nutrition, sex, and fetal lung maturation
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T h e present study confirms the unpublished histologic findings of Platt that the lungs of human female fetuses mature somewhat more rapidly than do the lungs of males 1161. Similar but statistically insignificant differences were found in biochemical variables of lung maturation. These differences between the sexes are probably not great enough to explain most of the often reported higher incidence of neonatal hyaline membrane disease in males than in females [14, 171.
T h e finding that fetal lung maturation is most rapid in offspring of poorly nourished mothers may help to explain the observation of Gluck et al. [4] , that pregnancies complicated by reduced placental function often have neonates with accelerated lung maturity for gestational age. Both reduced placental function and maternal undernutrition often lead to fetal undernutrition [lo, 11, 131. Hormones might mediate the nutri- tional effects on lung maturation. Turnover rates of corticosteroids and the balance between such corticosteroids and other hormones are abnormal in experimental malnutrition [6] ; corticosteroids have been shown to accelerate fetal lung maturation in both human beings and experimental animals [3, g] .
Certain cautions should be observed in interpreting the current data. T h e study should not be used as the basis for recommendations to restrict food intake during pregnancy. Only the most poorly nourished gestations showed an impressive acceleration of fetal lung maturation and there is published evidence that marked food restriction during pregnancy increases overall perinatal mortality [15] . Furthermore, the current study gives no clues as to whether calories alone or the balance between calories and other nutrients is responsible for the differing pace of fetal lung maturation in the various nutritional groups. I t might even be argued that the nutritional conclusions of the current study are in question because they are mainly based on recordings of weights of the mothers. A number of studies have shown a relation between calorie intake in pregnancy and maternal weight gain [I] . Moreover, cases were carefully excluded from the current study which had non-nutritional disorders that are known to affect maternal gestational weight gain [13] . I n addition, various internal evidences in the study indicate that the nutritional variables used did reflect gestational nutrition. T h e patterns of organ and cellular growth i n the neonates of presumably undernourished mothers closely resembled the growth patterns commonly found with: (1) uteroplacental disorders that retard fetal growth. by restricting nutritional exchange i n late gestation [lo, 11, 131, (2) alimentary undernutrition in older infants [12, 131. I n addition, a wide variety of demographic and other non-nutritional factors had no effect on fetal growth, whereas presumed nutritional factors did have such an influence [13] .
Finally, it is important to recognize that both the histologic analyses of lung maturation and the data on hyaline membrane disease are based on infants who died rather than on overall mortality rates. If there were differences in mortality among the various nutritional groups, such differences could have affected histologic maturation and hyaline membrane disease data. For example, better nutrition might lead to lower mortality and the selective survival of those with the more mature lungs. Unfortunately, the mortality rate data needed to critically examine this possibility are not available. Such a bias, if operative, would not influence interpretation of the amniocentesis data of the current study since these latter data were not selected by death.
Amniotic fluid lecithin to sphingoinyelin ratios and shake test values were greater in undernourished than in overnourished pregnancies after midgestation. There was a similar relation between levels of maternal nutrition and microscopic variables of fetal lung maturity. Using the same anatomic variables, the lungs of female fetuses matured somewhat more rapidly than the lungs of males. Hyaline membrane disease was almost twice as common in neonates who died after overnourished gestations as i n those who died after undernourished gestations.
